The dynamics of plant population diVerentiation may be integral in predicting aspects of introduced species invasion. In the present study, we tested the hypothesis that European populations of Senecio inaequidens (Asteraceae), an invasive species with South African origins, diVerentiated during migration from two independent introduction sites into divergent altitudinal and climatic zones. We carried out 2 years of common garden experiments with eight populations sampled from Belgian and ten populations from French altitudinal transects. The Belgian transect followed a temperature and precipitation gradient. A temperature and summer drought gradient characterized the French transect. We evaluated diVerentiation and clinal variation in plants germinated from Weld-collected seed using the following traits: days to germination, days to Xowering, height at maturity, Wnal plant height and aboveground biomass. Results showed that S. inaequidens populations diVerentiated in growth traits during invasion. During the 1st year of sampling, the results indicated clinal variation for growth traits along both the Belgium and French altitudinal transects. Data from the 2nd year of study demonstrated that with increasing altitude, a reduction in three growth traits, including plant height at maturity, Wnal plant height and aboveground biomass, was detected along the French transect, but no longer along the Belgian one.
Introduction
Biological invasions, despite the harmful eVects on biodiversity and economics (Pimentel et al. 2000) , serve as an outstanding opportunity to address fundamental questions regarding evolution in response to environmental modiWcation (Callaway and Maron 2006; Lee 2002; Sakai et al. 2001) . When invasive species introduction and distribution history is well documented, invasions provide a rare chance to evaluate evolutionary change on a human time scale. Historical data provide information that was not intended for evolutionary studies, but is valuable metadata available to address more contemporary questions regarding environmental and evolutionary change (Sax et al. 2007 ).
The processes inherent in alien species establishment and migration, leading to an increase in abundance, can be divided into three distinct phases: establishment, naturalization and expansion (Kolar and Lodge 2001; Sakai et al. 2001; Sexton et al. 2002) . At each phase, evolutionary processes may occur that are responsible for the success of the invasive taxon. A number of compelling studies reported phenotypic/genetic divergence between native and invasive populations (reviewed in Bossdorf et al. 2005) . Dietz and Edwards (2006) argue that important selective regimes can also occur following the early stages of colonization, when an exotic plant encounters diVerent habitat conditions. The non-native species may experience increased competition from the native Xora (D'Antonio 1993), variable interactions with biotic factors (Siemann and Rogers 2001) or selection imposed by speciWc abiotic conditions (Mihulka and Pysek 2001) . If ecological abiotic factors vary at the invasion fronts, changes in life history traits are expected, either due to plasticity or adaptation under selective pressures.
Climate is one of the most important abiotic factors in regard to species distribution. Expansion of the introduced species range will depend on how well exotic species cope with geographic heterogeneity in climate (Montague et al. 2008) . Spread over broad climatic gradients is expected to involve clinal adaptive diVerentiation of populations (Cox 2004 , Montague et al. 2008 ) because many climatic factors vary geographically in a continuous manner (Endler 1977) . Large-scale latitudinal clines, interpreted as evolutionary adaptation to climate heterogeneity, has indeed been observed for diVerent life history traits in an increasing number of introduced species (Etterson et al. 2007; Gilchrist et al. 2004; Huey et al. 2000; Kollmann and Banuelos 2004; Leger and Rice 2007; Montague et al. 2008; Weber and Schmid 1998) . In contrast, analogous altitudinal life history variation has been studied much less frequently in invasive species (but see Parker et al. 2003 for an example with a plant species). Overall, altitudinal trends can be expected to mirror latitudinal trends in that with increasing altitude or latitude, the reproductive season gets shorter, and climate becomes harsher. Hence, examination of diVerentiation patterns along altitudinal gradients is very complementary to our recent knowledge on latitudinal variation in invasive species and will foster our understanding of adaptation in introduced ranges.
For the majority of exotic plant species, the evolutionary interpretation of life history trait variation across the invasion range may be diYcult. The species introduction history and subsequent patterns of dispersal over time are largely unavailable. This is particularly true for plant species with horticultural interest, where long-distance seed exchange, anthropogenic gene Xow and multiple introduction events take place (Ellstrand and Schierenbeck 2006) . However, in Europe, the African ragwort Senecio inaequidens DC. (Asteraceae) is a highly invasive species with a well-documented invasion history. As a result of wool importation from South Africa during the late 19th century, recorded independent introduction sites chronicle the species migration routes. It has extended over a range of climatic zones in Europe, but its distribution remains disjunct, suggesting that species dispersal was primarily spontaneous, although helped by roads and railways (Ernst 1998 ). The species is not extensively propagated for ornamental purposes, reducing the risk of anthropogenic gene Xow among regions. As the species is now present over broad altitudinal and climatic regimes, regional adaptations can be expected. The unique introduction history of S. inaequidens makes it an ideal model to study rapid diVerentiation in response to climatic variation in its introduced range.
In the present study, we tested the hypothesis that populations of S. inaequidens diVerentiated towards divergent altitudinal and climatic zones during invasion from two independent introduction sites. Field observations and common garden experiments using 18 populations of S. inaequidens from two altitudinal transects were carried out to address the following question: along the two transects, could an altitudinal cline in phenology and growth traits be identiWed?
Methods

Study species and invasion history
S. inaequidens is a herbaceous perennial shrub native to South Africa and Lesotho, distributed mainly on river edges and in stony meadows (Ernst 1998) . It was accidentally introduced to Europe in the late nineteenth-early twentieth centuries, where only tetraploids are reported. In its native range, the species occurs as two co-existing cytotypes (Lafuma et al. 2003 ). The precise origin of the introduced tetraploid populations in the native range is unclear, but the high mountain regions of Lesotho and Free State areas are the most likely regions (Bossdorf et al. 2008; Lafuma et al. 2003) . Several introductions occurred in Europe during the nineteenth-early twentieth century, and well-documented historical data are provided for two of them. In Belgium, herbarium records document the Wrst occurrence near the wool factories of Verviers in 1892, near Liège (Verloove F., personal communication). The species was later recorded in the same wool-processing area in 1922 (Mosseray 1936) . After 40 years restricted to this site, it started to spread rapidly. It reached Gent, Namur and Charleroi (Belgium) in the 1970s (Lebeau et al. 1978) and Amsterdam (The Netherlands) in 1985 (Ernst 1998) . In southern France, the species was initially collected in 1936 in the wool-processing center of Mazamet (Guillerm et al. 1990; Senay 1944) . It was only after 1950 that the species began its expansion. By the 1970s, the species was considered an agricultural weed in southwestern France, well within the Wrst introduction region (Jovet and Vilmorin 1975) . In the early 1980s, the species reached the Mediterranean coast from Mazamet (Guillerm et al. 1990) . A decade later, even though the species was mainly distributed along roads and railways, it was considered a threat to natural habitats (Michez 1995) . Other primary introduction sites were recorded in European wool centers: Bremen and Hanover in Germany (Kuhbier 1977) , Edinburgh in Scotland (Lousley 1961) and Verona in Italy (Pignatti 1982) .
The Wrst records of the species, inferred as introduction events, were all tied to the wool industry, and for several decades, specimens were only documented in the vicinity of wool-processing centers (e.g., Ernst 1998; Lousley 1961) . Therefore, these historical and herbarium data strongly suggested seeds were introduced with the sheep wool trade and that the colonization events, e.g., in Belgium and France, were independent. The present absence of the species in geographic areas between Southern Belgium and Southern France strengthen this interpretation (personal observation).
S. inaequidens extends to 1 m tall with numerous stems bearing yellow capitulae. Individuals can produce up to 1,500 capitulae over a Xowering period, each capitulum bearing roughly 100 achenes (hereafter referred to as "seeds") (Lopez-Garcia and Maillet 2005) . Sexual reproduction initiates in late spring (May-June), approximately 2 months after germination, and continues through late autumn (November-December). The species is considered self-incompatible, but some individuals were observed exhibiting partial self-fertility in France (Lopez-Garcia and Maillet 2005) . Entomophilous pollination with generalist pollinators is most common.
Seed populations
Two transects were deWned along altitudinal gradients in France and Belgium (Fig. 1) . Each transect corresponded to a colonization event from an introduction site. Transects were 150 km (Belgium) and 200 km (France) long. They were divided into four (Belgium) and Wve (France) topographic and climatic zones and numbered consecutively from sea level to high elevation: Belgium: (1) Coastal Oceanic (altitudinal reference: 0 m), (2) Oceanic (50 m), (3) Sub-oceanic (200 m) and (4) Sub-oceanic (400 m); France: (1) Coastal Mediterranean (altitudinal reference: 0 m), (2) Sub-Mediterranean (200 m), (3) Sub-oceanic (400 m), (4) Low-elevation mountain (800 m) and (5) Mid-elevation mountain (1,600 m). Zone Number 3, in both countries, was the initial introduction zone for each colonization event. In each zone, two populations were selected at similar altitudes (Table 1) and were spaced at least 5 km apart. The 18 selected populations included at least 100 individuals and were all located along roadsides on rocky and/or gravel soils. In November 2005 and 2006, seeds were collected on two to three capitulae from ten randomly selected individuals per population. Based on large population size, sampled individuals were assumed not to be the same in 2005 and 2006. Seeds were stored at 4°C and sorted using a dissecting microscope: the ten largest seeds without anomaly per parent individual were preserved for the experiment as within-capitulum variability in seed mass has been shown for the species (Monty et al. 2008) . The ten seeds per parent individually selected in 2006 were collectively weighed to the nearest 0.1 mg.
In November 2006, in situ measurements were performed in the 18 populations: the ten largest plants per population were recorded, and their height was measured. The largest individuals were considered instead of randomly selected ones in order to discard the eVects of the demographic stage of the population, with the assumption that old plants (representative of the longevity of the species) were present in all populations.
Common garden experiments
In spring 2006 and 2007, a randomized block common garden experiment was established on an open Weld in Gembloux (Belgium, altitude: 160 m) with the seeds collected in 2005 and 2006, respectively. Each of the ten blocks consisted of two rows of nine pots. To prevent aboveground competition, rows were placed 80 cm apart and pots in the rows separated by 50 cm. The common garden was surrounded by two additional rows of pots, to prevent edge eVects. On 17 (block 1-5) and 18 (block 6-10) March 2006 and on 17 April 2007, the ten sorted seeds per parent individual were collectively sown in pots containing 2.5 l of sand, 2.5 l of compost and 0.5 l of hydro-granulates. Pots were then covered with a protective light-permeable canvas until early May. Seedlings were counted every 2-3 days. The Wrst emerged seedling in 
Climatic data
Along each transect, a climatic station per zone was selected nearest the two populations per zone, at comparable elevation (Table 1) . Available data included monthly mean temperature and rainfall over the period 2000-2005 for the French transect and over the last 25 years for the Belgian study site. The average values of two stations were used for the French third zone (F3) to be representative of the populations. In order to reduce the number of variables and control for autocorrelation, principal component analyses (PCA) were performed on the climatic data. First PCA axes will therefore be referred to as "PCA 1 CLIMATE." Climatic interpretation of the altitudinal gradients was made using Pearson's correlation coeYcients between climatic data and principal components scores (Supplementary  Table S1 ).
Data analysis
Evidence of clinal altitudinal diVerentiation was tested by calculating Pearson's correlation coeYcients between the mean population values for each of the measured traits and the altitude of seed populations. To help visualization, corresponding linear regressions were performed in Fig. 2 . Individual plant values were indirectly analyzed through the population mean because individuals within populations were not independent samples. In order to take into account maternal carry-over eVects due to diVerences in seed provisioning among populations, in 2007, we used seed mass as a covariate in correlation analysis. In addition, we assessed whether populations were signiWcantly diVerent among altitudinal zones for the same traits employing mixed-model ANOVA (2006) and ANCOVA (2007) . Populations (random) were nested within altitudinal zones (Wxed), which were nested in the factor region (Wxed), i.e., Belgium and France. The factor block was random. Altitudinal pattern of seed mass variation was tested by calculating Pearson's correlation coeYcient between seed mass and population altitude. As plant traits tended to be correlated (Supplementary  Table S2 ), in order to assess the global diVerentiation of plants in relation to climate, a PCA was performed on the plant traits data for each transect and each year separately. The scores of the four resulting Wrst PCA axes (referred to as "PCA 1 PLANT TRAIT") were regressed against the corresponding PCA 1 CLIMATE scores (Fig. 3) .
In situ measurements were analyzed by calculating Pearson's correlation coeYcients (and corresponding linear regressions) between mean population height and (1) population altitude and (2) mean population height in the common garden.
Analyses of variance and covariance were performed using the general linear model (GLM) in Minitab software version 14.20 (Minitab Inc. 2000) . Correlations analysis and PCA were made using Statistica software version 6.1 (Statsoft Inc., 2004) . Aboveground biomass data were logtransformed to reach the assumptions of statistical analyses.
Results
Climatic description of the transects
Climatic data for increases in elevation along the French transect showed annual mean temperature decreased gradually from 16.1 to 6.3°C. Annual precipitation rose from sea level (598 mm) to the initial introduction zone (992 mm) and then fell at higher elevations. In Belgium, annual mean temperature decreased gradually from 9.6°C at sea level to 5.7°C at the highest altitude, and annual precipitation increased from 726 to 1,326 mm (Table 1 ). The Wrst two PCA axes generated from the monthly climatic variables were informative. In France, the Wrst axis explained 62.5% of the variance and was described as a temperature and Table S1 ). In Belgium, the Wrst axis explained 95.5% of the variance and was positively correlated to all the monthly temperatures and negatively correlated to all monthly precipitation levels. No signiWcant correlation was found for the second axis. Along both the French and Belgium transects, the Wrst axis was strongly and negatively correlated to altitude (France: r = ¡0.959, P < 0.001, Belgium: r = ¡0.963, P < 0.001), while the second axis revealed a lack of correlation (France: r = 0.266, P = 0.457, Belgium: r = 0.091, P = 0.831). This indicated that the French altitudinal transects followed a temperature and summer-drought gradient, with the warmest and most summer-dry zones at lower altitudes. The Belgian transect followed both a decrease in temperature and an increase in rainfall levels with increasing elevation. Most traits correlated with altitude were also correlated with each transect and the corresponding Wrst PCA axis (Table 2) Those trends were not conWrmed in 2007 as no signiWcant correlations were found between traits and population altitude for Belgian populations. Both years, correlation signs were however similar: growth traits decreased with increasing altitude of the source populations (Table 2) . Despite a marginally signiWcant correlation of seed mass and altitude along the French transect (r = 0.590, P = 0.072) and a signiWcant inXuence on plant height in 2007 ANCOVA, including seed mass as a covariate in the correlation analysis in 2007 did not change the outcome of the analysis. Height at maturity, Wnal height and aboveground biomass were still signiWcantly correlated with altitude when seed mass was used as a covariate (P = 0.024, P = 0.004, P = 0.011, respectively). 
Phenotypic variation in the Weld
Mean population heights recorded in situ were signiWcantly correlated to altitude (Fig. 4) along the French transect (r = ¡0.651, P = 0.042), but not along the Belgian transect (2006) and ANCOVA (2007, covariate: seed mass) for traits measured in the common gardens Populations (random) were nested within altitudinal zones (Wxed), which were nested in the factor region (Wxed), i.e., Belgium and France. Block was a random factor. P-values in bold are signiWcant (r = ¡0.265, P = 0.527). Similarly, there was a signiWcant correlation between population mean height in the Weld and in the common garden for French populations (r = 0.704, P = 0.023), but not for the Belgian ones (r = ¡0.0591, P = 0.889).
Discussion
In this study, we addressed whether populations of the invasive species S. inaequidens diverged during range expansion along altitudinal gradients, ca. 1 century after introduction, using Weld measurements and common garden experiments. We evaluated life-history traits by measuring characteristics of germination, Xowering phenology and growth. We used two independent transects diVering in their altitudinal range and repeated the experiments over 2 years with independent seed sources.
Clinal variation in the common garden experiments
Our most noteworthy result was a signiWcant clinal reduction in plant height (height at maturity and Wnal height) and aboveground biomass associated with increasing altitude in plants from the French transect. This study area exhibited the greatest altitudinal range. These results were consistently observed over 2 years of common garden experiments and parallel the variation observed in wild populations. A similar signiWcant reduction of Wnal height and biomass with increasing altitude was also observed for Belgian populations, the study area with a lower range of altitudinal variation. However, signiWcant results were only observed for the 1st year of study. Altitudinal trends were globally less clear along the Belgian than along the French transect. The shorter experimental period in the 2nd year of the experiment may therefore be a reason for the lack of signiWcant diVerentiation in growth traits along this transect. Phenological traits, particularly time to Xowering, are also considered important life-history traits, likely to inXuence invasive plant success (GriYth and Watson 2006) . Among invasive plants, genetically based clinal variation for Xowering time has been reported along large latitudinal gradients (e.g., Kollmann and Banuelos 2004; Montague et al. 2008; Weber and Schmid 1998) . However, we did not detect such diVerentiation for S. inaequidens along altitudinal transects. Height at maturity gradually decreased with increasing elevation in France, but time to Xowering did not exhibit consistent patterns of diVerentiation over the 2 years of study and among the transects. In S. inaequidens, this may be due to increased phenotypic plasticity for this trait than for growth traits. Selection pressure on Xowering time may also be lower than on growth traits and size at maturity. This could be counteracted by gene Xow, which is expected to be higher at the geographical scale of our study (100 km) rather than over latitudinal ranges (1,000 km).
Regressing principal component scores of plant traits against climate (Fig. 3) showed that globally, plant altitudinal diVerentiation was related to climatic variation along the French transect. Climatic interpretations revealed that the French transect followed a temperature and summerdrought gradient.
Non-adaptive mechanisms leading to clinal variation Clines are typically interpreted as the product of local adaptation across an ecological gradient. However, alternative, non-exclusive hypotheses cannot be excluded on the basis of common garden experiments. Clines can originate from demographic processes, notably as a by-product of colonization routes and repeated founder events (Endler 1977) that are likely to occur in invasive species. Genetic drift associated with repeated bottlenecks may result in signiWcant diVerences among populations and reduced genetic variation within populations (Barrett and Husband 1990; Parker et al. 2003) . In our case, however, because source populations were in the middle of colonization routes, genetic drift should have led to opposite eVects in the two colonization directions. We detected an increased frequency of larger individuals towards low altitudes versus an increased frequency of smaller individuals towards higher altitudes, an improbable scenario under complete genetic drift. Another possibility is the introduction of preadapted genotypes from climatically similar regions of the native range (climate matching, e.g., propagules from higher altitude in the native range are introduced directly into higher altitude localities in the introduced range) (Maron et al. 2004; Montague et al. 2008) . Consequently, divergence in introduced regions would reXect prior divergence of source populations in the native range. Historical records of S. inaequidens range expansion make this explanation unlikely, particularly in regards to the transects explored in this study, where the species migration progression has been well documented by botanists (e.g., Ernst 1998; Guillerm et al. 1990; Jovet and Vilmorin 1975; Lebeau et al. 1978) . In both regions, the species was Wrst restricted to local sites of introduction (vicinity of wool factories) and started to spread to new localities in the 1970s. Hence, the expansion of the species was initiated following the end of the main known source of introduction, notably wool importation. In addition, diVerences in altitudinal range of the tetraploid S. inaequidens between native and introduced ranges make it unlikely that coincidental introduction is the cause for the observed clinal trait variation. Lafuma and Maurice (2007) reported that invasive tetraploid populations of S. inaequidens in Europe probably originated from South African high mountain regions, while invasive populations in Europe cover a range from sea level to mountain altitudes. Nevertheless, phylogeographic analysis including native and introduced populations coupled with estimates of genetic diversity along altitudinal transects would be required to elucidate the role of immigration history and/or genetic drift in geographical diVerentiation of life-history traits (e.g., Kliber and Eckert 2005; Maron et al. 2004) .
Because our seed source was from Weld collections, environmental maternal eVects could have contributed to among-progeny variation in the common garden (Roach and WulV 1987) . Such eVects could result from diVerent seed provisioning among populations because of variation in the maternal growth environment. To overcome this limitation, levels of diVerentiation in traits should be further assessed using seeds generated under controlled conditions to ascertain genetic origins. However, diVerent lines of evidence make it unlikely that maternal eVects play an important role in the observed patterns of divergence. Height diVerentiation along both transects was low in juvenile stages and more discernable in mature individuals (data not shown). This indicated low maternal eVect contributions as these are generally marked during primal growth (Roach and WulV 1987) . Moreover, controlling for seed mass in ANCOVA and correlation analyses between seed traits and altitude showed negligible changes in the results. DiVerences between altitudinal zones, as well as clinal variations, existed exclusive of the inXuence of seed mass. However, we cannot exclude maternal eVect because of adaptive transgenerational plasticity that improves progeny Wtness in maternal environments and may not involve diVerential provisioning (Galloway 2005) .
Adaptive mechanisms leading to clinal variation With our current knowledge of the species history, a signiWcant role of evolutionary process due to selection along colonization routes may be the most parsimonious hypothesis to explain the observed altitudinal cline in growth traits along the French transect. Correspondence between the performance of populations in the Weld and common gardens would be expected if geographic variation in life-history traits had a genetic component. We detected a similar trend of decreasing height with higher altitude both in the Weld and in the common gardens. Variation in life-history traits among introduced populations of S. inaequidens closely matched speciWc theoretical expectations for selection on growth traits across an altitudinal gradient and also corresponded to a climatic gradient. Small size is expected to reXect adaptation to harsher conditions and to shorter growing seasons, and is a common feature of alpine ecotypes in native species (e.g., Blanckenhorn 1997; Clausen et al. 1941; Galen et al. 1991; Körner 1999) . Along elevationnal gradients, native herbaceous species were found to show a decrease in plant size and growth rate (Hemborg and Karlsson 1998; von Arx et al. 2006) . This parallels clinal variation in size that has been observed in diVerent invasive species, including both plants and animals, along latitudinal gradients that may represent similar climatic variation (e.g., Huey et al. 2000; Kollmann and Banuelos 2004; Weber and Schmid 1998) . In S. inaequidens, the pattern of covariation between growth traits and elevation was stronger in France than in Belgium. Climatic analysis indicated the French transect was mainly along a temperature and summer-drought gradient and had the broadest temperature ranges. The Belgian transect covered a smaller range of altitude and temperature. Selection pressures might therefore be lower under these conditions. If the correlation analysis along the French transect is performed after removing the two highest populations (results not shown), although the overall pattern remains similar (smaller plants at higher altitudes), altitudinal trends in most traits (but Wnal height) are no longer statistically signiWcant. Altitudinal limitation in Belgium might therefore be a reason for the lack of signiWcance in the results.
If adaptation occurred, diVerent processes of selection may have shaped the observed diVerentiation among populations. Individuals dispersed from their native range may have already contained all the genetic variation that was later expressed among populations in the introduced localities. In that case, natural selection would have Wltered among the available genotypes and favored those best suited to the new environments. This 'sorting' process would not have required the formation of new genotypes and evolutionary processes other than diVerential mortality after introduction (Sakai et al. 2001) . Bossdorf et al. (2008) advocated such a 'sorting' process to explain trait diVerences between native and introduced populations of S. inaequidens in Central Europe, as they observed that invasive populations were less genetically variable than natives in a common garden experiment. However, the authors only included low altitude European populations, which did not encompass the full range of genetic variation in growth traits reported in the current study. In addition, for the traits showing an altitudinal cline, we did not detect evidence for a reduction of within-population trait variation along the study transects: the coeYcients of variation were not correlated to altitude (data not shown). This would have been an indicator of selection of a subset of introduced genotypes. Alternatively, as the species is known to be largely self-incompatible (Lopez-Garcia and Maillet 2005), sexual reproduction may have resulted in the origin of novel genotypes in the introduced range for natural selection to favor or cull from the non-native populations. Lafuma and Maurice (2007) provided evidence that the S. inaequidens population of Mazamet (site of introduction, French transect) may have been founded by a mixture of several South African populations as they exhibited a higher number of compatible crosses compared to South African populations. Some authors have suggested that gene recombination in the introduced range between populations previously isolated in the native range may be an important force for rapid evolution in invasive species (Lee 2002; Sakai et al. 2001 ). The diVerential mortality and reproduction of genotypes resulting from sexual reproduction, dictated by environmental conditions, could lead to the observed clinal variation. A similar evolutionary scenario was proposed by Weber and Schmid (1998) to explain latitudinal diVerentiation in size of European Solidago altissima and Solidago gigantea.
Conclusions
Selection of adapted genotypes during migration from a colonist source seems the most likely explanation for the observed clinal patterns in growth traits for S. inaequidens. However, diVerent evolutionary processes invoked are not mutually exclusive, and the immigration history of invaders is often complex. In addition, it is not yet clear how much the observed diVerences among populations for growth traits may aVect Wtness. A comprehensive evaluation of divergence patterns is made diYcult by the use of only one common garden site. If genetically based diVerentiation can be linked to altitude and temperature/summer-drought conditions, reciprocal transplants would be a more viable test of the adaptive signiWcance of the observed clinal variation (Lacey 1988; Rice and Mack 1991) . For this reason, additional studies are needed to fully understand the evolutionary basis of the clinal trend observed in our study. Nevertheless, our study contributes to the growing body of evidence regarding the potential for rapid diVerentiation of invasive species populations as they disperse through their non-native range. The documentation of phenotypic and genotypic variation of exotic plants within their invasive range is vital to understand the evolutionary potential of these species. In the case of successful invaders such as S. inaequidens, adaptive diVerentiation, if conWrmed by further studies, may be an important factor that promotes establishment and subsequent invasions.
